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Background: Research suggests television viewing time may be associated with incident obesity and central
obesity in young adults. No study has investigated these associations in older English adults.
The aim of this study was to investigate longitudinal associations between television viewing time and incident
obesity and central obesity in a sample of older English adults.
Analyses of data from the English Longitudinal Study of Ageing. At baseline (2008), participants reported their
television viewing time. Research nurses recorded obesity and central obesity by body mass index and waist
circumference, respectively, at four year follow-up. Associations between television viewing time and incident
obesity (BMI > 30 kg/m2) and central obesity (waist >102 cm men; > 88 cm women) at four year follow-up were
examined using adjusted logistic regression. Participants gave full written informed consent to participate in the
study and ethical approval was obtained from the London Multicentre Research Ethics Committee.
Results: A total of 3777 initially non-obese participants (aged 64.8 ± 8.6 yrs, 46.4% male) were included in the
analyses using BMI as an outcome and 2947 for the analyses using waist circumference. No significant associations
were found between television viewing time and incident obesity. A significant association was found between
watching ≥6 hrs/d of television (compared to <2 hrs/d) and central obesity (Odds Ratio 1.48; 95% confidence
interval 1.07 to 2.03) after adjustment for covariables including physical activity.
Conclusions: In this sample of older community dwelling English adults greater television viewing time was
associated with incident central obesity, but not total obesity when measured by BMI. Interventions to reduce the
incidence of central obesity in this age group that focus on reducing TV time, as well as targeting other health
behaviours (eg, increasing physical activity levels, improving dietary intake) might prove useful.
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In the last 25 years the prevalence of obesity (body mass
index [BMI] ≥30 kg/m2) in England has more than dou-
bled [1] and in 2010 approximately 26% of English adults
(16+ years) were obese [2]. This is of particular concern as
prospective studies have found that obesity reduces life ex-
pectancy [3,4]. Moreover, obesity is estimated to cost the
National Health Service £4.2 billion a year [1].
Television viewing generally involves prolonged periods
of sitting and has been found to influence dietary habits* Correspondence: lee.smith@ucl.ac.uk
1Department of Epidemiology and Public Health, Health Behaviour Research
Centre, University College London, England WC1E 6BT, UK
Full list of author information is available at the end of the article
© 2015 Smith et al.; licensee BioMed Central.
Commons Attribution License (http://creativec
reproduction in any medium, provided the or
Dedication waiver (http://creativecommons.or
unless otherwise stated.by encouraging increased consumption of energy-dense
foods [5]. It is therefore reasonable to assume that televi-
sion viewing time maybe associated with obesity. Two
recent systematic reviews summarised the evidence from
studies published prior to 2007 that examined the relation-
ship between television viewing time and health outcomes
[6,7]. The reviews identified consistent relationships
between television viewing time and overweight/obesity.
However, identified literature was predominantly of a
cross-sectional nature. Therefore, the direction of the ob-
served association cannot be inferred (i.e. does overweight/
obesity cause people to develop more sedentary habits such
as television viewing or do individuals become overweight/
obese as a consequence of watching more television).This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
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and overweight/ obesity in adult populations have emerged,
although mixed results have been reported [8,9]. For
example, no relationship between change in participant-
reported television viewing time and change in BMI was
found over 3 years follow-up in an Australian cohort, al-
though a cross-sectional association was found at baseline,
in women only [8]. However, several other studies have re-
ported prospective associations between participant-
reported television viewing time and BMI/ obesity in both
sexes [9]. In contrast, the Whitehall II prospective study
showed that BMI predicted television viewing time at
follow-up but the converse was not found [10]. Conflicting
findings may be partially explained by the fact that BMI is a
poor indicator of adiposity [11], particularly in an elderly
sample with onset of sarcopenia. For example, a recent pilot
study [12] found associations between objectively measured
daily sitting time with levels of liver adiposity and visceral/
subcutaneous fat ratio, measured using Magnetic Reson-
ance Imaging (MRI). However, there was no association
using BMI, more precise measures of central adiposity in
epidemiological studies, such as waist circumference [11],
may produce more precise data.
The metabolic risk associated with obesity is closely
correlated with a central rather than peripheral fat pat-
tern [13]. Few previous studies investigating the longitu-
dinal association between television viewing time and
overweight/obesity have investigated the association be-
tween television viewing time and region specific adi-
posity. In a recent study in a sample of 3846 adults
(mean age approximately 48 years) increases in televi-
sion viewing time over 5 years were associated with in-
creases in waist circumference [14]. Another study
found that more frequent television viewing in adoles-
cences and early adulthood was associated with greater
BMI gains through to mid-adulthood and with central
obesity in mid-life [15]. To our knowledge no study has
investigated the longitudinal association between televi-
sion viewing time and central adiposity in a sample of
older adults.
Studying these associations in older adults is important,
since adiposity is more likely to be deposited in the ab-
dominal cavity with increasing age [16]. Furthermore, it is
thought that BMI becomes a poorer indicator of overall
and abdominal adiposity in older people [16,17]. More-
over, the average adult aged >65 years watched more tele-
vision daily in England than any other age group in 2011
(www.stakeholders.ofcom.org.uk). Studies are needed in
older adults (>65 years) to investigate the association be-
tween television viewing time and central adiposity, as this
age group may be at the greatest risk of central obesity as
a consequence of television viewing.
Therefore, the aim of this study was to investigate lon-
gitudinal associations between television viewing timeand central and total adiposity in a sample of older
English adults.
Methods
The English Longitudinal Study of Ageing (ELSA) is an on-
going cohort study containing a nationally representative
sample of the English population living in households [18].
The cohort consists of men and women born on or before
29 February 1952. For the purpose of the present analyses
data collected during wave 4 (2008 – 2010) were used as
the baseline, as this was the first occasion on which infor-
mation on television viewing was gathered. Clinical infor-
mation was gathered by nurses in participants’ homes at
wave 4 and at follow-up (wave 6; 2012/13). Participants
gave full written informed consent to participate in the
study and ethical approval was obtained from the London
Multicentre Research Ethics Committee.
Exposure variables: baseline television viewing and
physical activity
Television viewing time
Participants were asked “how many hours of television do
you watch on an ordinary day or evening, that is, Monday
to Friday” and “How many hours of television do you nor-
mally watch in total over the weekend, that is, Saturday and
Sunday.” Average daily time spent watching television was
calculated as [(weekday television time x 5) + (Weekend
television time)]/7. Next, average daily television was cate-
gorised into four categories (<2 hours/day, ≥2 < 4 hrs/d, ≥4
< 6 hrs/d, ≥ 6 hrs/d). This categorisation of average daily
television has been used in a previous study [19].
Physical activity
Participants were asked how often they took part in vig-
orous, moderate, and low intensity physical activity. Re-
sponse options were: more than once a week, once a
week, one to three times a month, and hardly ever/
never. Based on response options participants were then
categorised into one of three groups (inactive/ moderate
at least 1/wk/ vigorous at least 1/wk). For more informa-
tion on this physical activity measure see Hamer et al.
[20]. The physical activity and television viewing mea-
sures have been shown to have excellent convergent val-
idity in grading a plethora of psychosocial, physical and
biochemical risk factors [20-22].
Outcome: incidence of obesity
Research nurses measured participants’ body weight using
Tanita electronic scales, participants were measured with-
out shoes and in light clothing, and height was measured
using a Stadiometer with the Frankfort plane in the hori-
zontal position. BMI was calculated using the standard
formulae [weight (kilograms)/height (meters) squared].
Research nurses recorded waist circumference twice mid-
Table 1 Descriptive statistics (baseline analytic sample,
n = 3777, after removal of obese [BMI ≥30Kg/m2]
participants)
Variable
Age (yrs; mean, SD) 64.8 ± 8.6
Male 46.4
Physical activity
Inactive 14.1
Moderate (at least 1/wk) 48.3
Vigorous (at least 1/wk) 37.5
TV viewing (hr/d; mean, SD) 5.0 ± 4.0
Smoker 12.7
Alcohol intake
Daily 25.7
At least once a week 42.0
Monthly 17.3
Rarely/never 14.9
Long standing illness 46.9
Depressive symptoms (CES-D > 3) 9.9
CV medication 34.7
Disability 17.2
Body mass index (Kg/m2; mean, SD)
Baseline 25.57 ± 2.65
Follow up 25.69 ± 3.02
Waist circumference (cm; mean, SD)†
Baseline 86.93 ± 8.97
Follow up 87.86 ± 20.83
Presented as percentages unless otherwise stated.
†Analytic sample excluding centrally obese participants.
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tape. An average of the first two measurements was used
provided these differed by no more than 3 cm; otherwise a
third reading was taken and the two closest results uti-
lised. Central obesity was defined as >102 cm in men and
>88 cm in women [23].
Covariates
Age, sex and long standing illness (yes/no) were self-
reported. Trained interviewers asked questions on smok-
ing (current, previous, or non-smoker), alcohol intake
(daily, at least once a week, monthly, rarely, never), and
depressive symptoms (using the eight-item Centre of
Epidemiological Studies Depression Scale [24]). Disabil-
ity was assessed based on participants’ responses to in-
terviewers’ questions on perceived difficulties in six
basic activities, such as difficulty dressing, and seven in-
strumental activities of daily living, such as preparing a
hot meal [25]. Participants with difficulties in one or
more activities were considered to have some degree of
disability. Use of prescribed medication (including medi-
cation for diabetes, high blood pressure, cholesterol,
blood thinning) was self-reported. These covariates were
included in the analyses because they were all hypothe-
sised to be independently associated with both exposures
(television viewing time and physical activity) and out-
comes (obesity and central obesity).
Statistical analyses
Characteristics of the study population at baseline were de-
scribed as means (continuous variables) and percentages
(categorical variables). Obese participants (BMI ≥ 30) at
baseline were removed from the analysis. We calculated
odds ratios (OR) and 95% confidence intervals (CI) for the
risk of obesity in relation to television viewing categories
(<2 hrs/d, ≥2 < 4 hrs/d, ≥4 < 6 hrs/d, ≥6 hrs/d) using mul-
tiple logistic regression. The models were adjusted for age,
sex, physical activity, smoking, alcohol, depressive symp-
toms, long standing illness, disability, cardiovascular (CV)
medications. Similar models were run to examine the asso-
ciation with incident central adiposity as the outcome after
removing participants with central adiposity at baseline.
We tested for statistical interactions with respect to sex al-
though none were found. Thus men and women were
pooled together and the analyses were adjusted for sex. All
analyses were conducted using SPSS version 21.
Results
A sample size of 7151 provided complete baseline data al-
though 1884 participants were lost to follow-up, and a fur-
ther 1490 obese participants at baseline were discarded
leaving a final analytic sample of 3777 (aged 64.8 ± 8.6 yrs,
46.4% male) for analyses using BMI as an outcome. For
analyses using central obesity as an outcome, 2320 centrallyobese participants at baseline were discarded leaving an
analytic sample of 2947 participants. Compared with the
analytic sample (before removal of baseline obesity), those
lost to follow-up were slightly older (64.5 vs. 66.7 yrs, p =
0.001), did not differ in BMI (28.2 vs. 28.4 kg/m2, p = 0.10),
but had higher baseline television viewing times (5.3 vs.
5.6 hr/d, p = 0.003).
Descriptive characteristics are reported in Table 1. At
baseline high levels of television viewing (defined as
>6 hr/d) were reported in 24.7% of participants and
14.1% of the sample reported no weekly physical activity
of at least moderate intensity. Between baseline and
4 years follow-up, there were 281 and 654 new cases of
obesity and central obesity, respectively.
In final adjusted models, no significant associations were
found between television viewing time and incident of
obesity, but physical activity was inversely associated with
obesity risk (Table 2). A significant association was found
between watching ≥ 6 hrs/d of television (compared to
Table 2 TV viewing, physical activity and incident obesity
over 4 years follow-up (N = 3,777)
TV/Physical
activity exposure
Cases/N Model 1 Model 2
OR (95% CI) OR (95% CI)
TV viewing
<2 hrs/d 29/472 1.0 (ref) 1.0 (ref)
≥2 < 4 hrs/d 94/1417 1.08 (0.71, 1.67) 1.02 (0.66, 1.57)
≥4 < 6 hrs/d 71/951 1.23 (0.79, 1.93) 1.08 (0.68, 1.70)
≥6 hrs/d 87/934 1.56 (1.01, 2.42) 1.28 (0.82, 2.01)
p-trend 0.011 0.13
Physical activity
Inactive 68/533 1.0 (ref) 1.0 (ref)
Moderate 127/1824 0.50 (0.36, 0.69) 0.53 (0.38, 0.74)
Vigorous 86/1417 0.43 (0.30, 0.60) 0.48 (0.43, 0.70)
p-trend <0.001 <0.001
Model 1: adjusted for age and sex.
Model 2: adjusted for age, sex, physical activity (or TV viewing), smoking,
alcohol, depressive symptoms, long standing illness, disability (impairment in
activities of daily living [ADLs]/ instrumental activities of daily living [IADLs]),
CV medications.
Analytic sample excludes obese participants at baseline.
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also observed for physical activity (Table 3).
Discussion
This is the first study to investigate the longitudinal associ-
ation between television viewing time and incident obesity
and central obesity in a sample of older adults. Partici-
pants who reported watching a high level of television
(≥6 hrs/d) at baseline were 1.48 times more likely to beTable 3 TV viewing, physical activity and incident central obe
follow-up (N = 2947)
TV/Physical activity exposure Cases/N
TV viewing
<2 hrs/d 69/402
≥2 < 4 hrs/d 230/1134
≥4 < 6 hrs/d 162/699
≥6 hrs/d 193/712
p-trend
Physical activity
Inactive 129/405
Moderate 334/1374
Vigorous 191/1168
p-trend
Model 1: adjusted for age and sex.
Model 2: adjusted for age, sex, physical activity (or TV viewing), smoking, alcohol, d
daily living [ADLs]/ instrumental activities of daily living [IADLs]), CV medications.
Analytic sample excludes centrally obese participants at baseline.centrally obese at four-year follow-up compared to those
who reported watching a low level of television, independ-
ently of physical activity and other covariates. This finding
supports previous literature in younger adults that has in-
vestigated the longitudinal association between television
viewing time and incident of central obesity. For example,
Parsons et al. found that more frequent television viewing
in early adulthood is associated with greater central obes-
ity in mid-life [15]. Two plausible pathways which televi-
sion viewing time may contribute to a higher incident of
central obesity include via the act of being sedentary per
se and via an increased consumption of energy dense
foods [5]. Therefore, television viewing may negatively in-
fluence both sides of the energy balance equation. One po-
tential intervention to prevent greater central obesity
could be to encourage participants to step during televi-
sion commercial breaks. Alternatively, interventions may
displace TV viewing per se with active outdoor activity.
Interestingly, the present analyses found no significant
association between television viewing time and incident
of obesity (BMI ≥30), partly consistent with previous lit-
erature that has reported mixed results. In the elderly,
body fat is more likely to be deposited in the central cav-
ity and thus BMI may be a poor measure of adiposity in
this age group [17]. Another reason for reported incon-
sistencies in the literature is that the associations
between television viewing and obesity might be bi-
directional [10]. Indeed, we have previously shown that
BMI was associated with increased television viewing
time over 2 years follow-up in ELSA participants [19].
Consistent with previous literature this study found that
higher levels of physical activity are associated with lowersity (men, waist >102 cm; women >88 cm) over 4 years
Model 1 OR (95% CI) Model 2 OR (95% CI)
1.0 (ref) 1.0 (ref)
1.20 (0.89, 1.62) 1.19 (0.88, 1.61)
1.40 (1.02, 1.92) 1.25 (0.90, 1.73)
1.71 (1.26, 2.34) 1.48 (1.07, 2.03)
<0.001 0.015
1.0 (ref) 1.0 (ref)
0.69 (0.54, 0.88) 0.81 (0.63, 1.06)
0.43 (0.33, 0.56) 0.54 (0.40, 0.72)
<0.001 <0.001
epressive symptoms, long standing illness, disability (impairment in activities of
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in energy expenditure [29].
The prospective design, the large sample of English older
adults, and the measure of central obesity are clear strengths
of the present analyses. However, the present analyses do
have limitations. It was not possible to adjust models for
diet, as such data were not collected. Moreover, Self-report
television viewing time may suffer from reporting bias,
owing to cognitive challenges associated with estimating
previous television viewing, and social desirability bias. How-
ever, sedentary time questions focusing on television viewing
have the strongest reliability and validity among non-
occupational sedentary behaviour questions [30]. Some of
the clinical variables, such as chronic illness, were also self-
reported that may have introduced bias. However, self-
reported chronic illness has been previously linked to
various objective ageing outcomes in ELSA such as physical
function [21]. It should be noted that the findings from
the present analyses should not be generalised beyond
the demographics (ie, age and ethnicity) of the sample
population.
Conclusions
In this sample of older community dwelling English adults
greater television viewing time was associated with inci-
dent central obesity, but not total obesity when measured
by BMI. Interventions to reduce the incidence of central
obesity in this age group that focus on reducing TV time,
as well as targeting other health behaviours (eg, increasing
physical activity levels, improving dietary intake) might
prove useful.
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